Abstract: The present investigation was carried out during the two successive years of 2006 and 2007 on "Costata" persimmon trees in order to study the influence of foliar sprays of different chemicals on the fruit retention, fruit quality and yield.Trees were sprayed at pea stage (5mm fruitlet diameter), marble stage (15mm fruitlet diameter) or at both stages with urea, phosphoric acid, potassium nitrate, Ca-EDTA, Fe-EDTA + Zn-EDTA + Boric acid , NAA, GA 4 , Amcotone, activated dry yeast and a mixture of ascorbic plus citric acids. All sprayed chemicals significantly increased vegetative growth, fruit retention, tree yield in both seasons . GA 4 had the highest fruit retention and yield followed by Amcotone and activated dry yeast and then NAA as compared with all other treatments in both seasons. All sprayed compounds increased fruit weight ,TSS, total sugars, reducing sugars, carotene and V.C contents and decreased fruit acidity and tannin contents as compared with all other treatments in both seasons. GA 4 had the highest fruit weight, followed by activated dry yeast and mixture of ascorbic acid + citric acid and then Amcotone. Phosphoric acid recorded the highest values of fruit TSS, total sugars, reducing sugars and carotene contents, whereas activated dry yeast gave the highest V.C and lower tannine contents as compared with all other chemicals in both seasons. Foliar sprays at pea + marble stages recorded the highest values of all the investigated parameters in both seasons as compared with pea or marble stage.
Introduction
Costata cultivar is the leading and the main persimmon variety progressively consumed in the Egyptian market and exportation. However, the problem of June drop and pre-harvest fruit drop exists extensively in many Egyptian orchards, especially because that Costata persimmon is a parthenocarpic cultivar thus eliminating yield and fruit quality. Young parthenocarpic fruits tend to be more easily to drop than young fruits from pollinated flowers (Schafer et al., 1999) . The high drop of fruits before maturity is a major problem in Egypt that affects persimmon final yield and production (El-Shaikh et al., 1999) , especially Costata cultivar which drop its fruits profusely (Kabeel, 1999; Wally, 2003) . Different factors might cause persimmon fruit drop. Abd El-Ghany (2005) reported that, fruit drop before June drop (initial drop) occurred due to the competition among the fruit on the nutrients, water and the defect in hormonal balance. Elizabeth (1991) stated that, there were two maximum dates for persimmon fruit drop; 55 and 77 days after flowering, which occurred when the fruit reaches a diameter of 2.6 and 4.5 cm respectively,which coinciding with the rapid fruit growth period. In addition, Costata yield shows a wide variation in fruit quality characteristics such as size, shape and color, thus, influencing its marketing. Several approaches had been made in order to increase persimmon fruit quality by spraying the trees with plant nutrients (Kabeel, 1999; Wally et al., 1999; Eliwa et al., 2003) . Nitrogen, phosphorous, potassium and calcium are important nutrients needed for fruit growth and quality (Rizzi and Abruzzese, 1990) . Moreover, many micro-nutrients such as iron, zinc and boron are needed for different biological functions that might be attributed to tree yield and fruit quality (Shoeib and El-Sayed, 2003) . The plant growth regulators (PGR) act as messenger and are needed in small quantities at low concentrations. Generally their site of action and biosynthesis are different. Most of the plant growth regulators exhibit a broad spectrum and thus a single PGR may influence several entirely different processes. Such as NAA and GA 3 affects fruit formation, abscission cell elongation, apical dominance, photoperiod and geotropism. Growth regulating substances such as NAA, 2, 4-D, 2, 4-5-TP and IBA have been used by some workers to control pre-harvest fruit drop in mango, citrus and apple and have reported very encouraging results (Haidry et al., 1997; Aboutalebi and Beharoznam, 2006) . El-Shewy (1999) observed that 50 mg NAA and 50 mg GA 3 per litre at full bloom and three months after 1 st spray were most effective treatments in reducing pre harvest fruit drop as well as fruit seed contents in guava. Iqbal et al. (2009) reported that NAA significantly reduced preharvest fruit drop and increased yield and fruit quality. Similar results were also reported by Maurya and Singh (1981) applied GA and NAA before flowering, followed by three weeks after fruit setting and observed that foliar application of NAA significantly increased fruit length, diameter and fruit weight and ultimately crop yield. Dutta and Banik (2007) applied foliar feeding of nutrients and plant growth regulators (GA and NAA) before flowering, followed by three weeks after fruit setting and observed that foliar feeding of nutrients and plant growth regulators significantly increased the fruit length, diameter, individual fruit weight and ultimately crop yield.
Also, using activated dry yeast, as newly natural and safe biostimulant is widely tried (Mansour, 1998; Attala et al., 2000) . However, the various positive effects of applying active dry yeast were attributed to its own from different nutrients, high percentage of proteins, large amount of vitamin B and the natural plant growth hormone namely cytokinins (Abd-Elmotty and Fawzy, 2005) . Similarly, ascorbic and citric acids as natural and organic antioxidants compounds have an auxinc action and synergistic effect on improving fruit retention (Nomier, 2000; Ahmed et al., 2002) . The present study was undertaken to see the effect of of urea, phosphoric acid, potassium nitrate, chelated calcium, a mixture of chealted iron, chelated zinc and boric acid, NAA, GA 4 , Amcotone, activated dry yeast and a mixture of ascorbic and citric acids sprays at different fruit developmental stages; pea stage, marble stage, or at both stages on improving Costata persimmon fruit retention, yield and fruit quality.
Material and methods

Plant material and treatments
The present study was carried out during 2006 and 2007 growing seasons on 5 years old "Costata" persimmon trees (Diospyros kaki L.) budded on Tarabouls root stock. Trees were grown in a clay soil with water table depth of 120 cm and pH of 7.8-7.9 in a private orchard situated at El-Tarh region, El-Behera governorate. Trees were planted at 3.5 m apart and subjected to the same cultural practices usually done in the orchard. Trees were irrigated every two weeks and fertilized with organic manure at a rate of 25 m 3 per feddan in November in both years.
Calcium super phosphate (15% P 2 O 2 ) was added during February at a rate of 150 kg per feddan in the two successive yerars. Also, 200 kg per feddan ammonium nitrate (33.5% N) and 150 kg per feddan potassium sulphate (48% K 2 O) were added. Both fertilizers amounts were divided into three doses; at the beginning of March, May and late June.
The experiment was designed as a split-plot design in a randomized complete block design. The chemical substances comprised the main factor and the fruit physiological stages as sub-main factor. Trees were selected as uniform as possible and the following foliar spray treatments were obtained (main factor): T1= Control (water only). T2= Urea at 2.5 g/L. T3= Phosphoric acid at 3 g/L. T4= Potassium nitrate at 3 g/L. T5= Chelated calcium (Ca -EDTA 14%) at 5 g/L. T6= A mixture of (Fe -EDTA 12%) at 0.3 g/L + (Zn -EDTA 14%) at 0.3 g/L + boric acid at 0.2 g/L. T7= Naphthalene acetic acid at 25 ppm. T8= Gibberellic acid (GA 4 ) at 25 ppm. T9= Amcotone (contains 0.45% NAA + 1.25% NAAM) at 600 ppm (2.7 ppm NAA + 7.5 ppm NAAM). T10= Activated dry yeast at 4.20 g/L. T11= A mixture of ascorbic acid at 0.8 g/l + citric acid at 0.8 g/L.
All the chemicals were sprayed once at pea stage (5 mm fruitlet diameter), marble stage (15 mm fruitlet diameter) and at both stages (sub-main factor). Three replicates were used for each treatment and every replicate was represented by single tree (11 chemical treatment × 3 stages × 3 replicates = 99 experimental unit). Each tree was sprayed with 4 liters of the spraying solution until run-off and New Bio-film was used as a surfactant agent at 0.3 ml/L for all the treatments including the control. Chemicals of treatments (6) and (11) were tank mixed immediately before spraying. The yeast spraying solution was prepared according to the method described by Attala et al. (2000) and its chemical analysis was shown in Table ( 1) according to Ismaeil et al. (2003) .
Vegetative growth and yield components
In order to determine vegetative growth, the length of spring and summer shoots (cm) were measured at mid-June and mid-August of both years. Moreover, the number of fruits at spraying date, before June drop and at harvest time was recorded.The percentage of fruit retention before June drop, after June drop and at harvest time was calculated during both seasons. The yield ( number of fruits /tree and kg/tree) was calculated then calculated the percentage increase in yield compared to control, as the control 100% yield (yield increament) during both years at harvest date (mid-October).
Fruit physico-chemical characteristics
In order to determine fruit quality characters, a random sample of five fruits was taken from each replicate. Fruit total acidity, vitamin C, skin carotenoids and total tannins contents were determined according to AOAC (1990) . Fruit weight (g) and total soluble solids percent (TSS % by hand refractometer) were determined. In addition, total sugars were estimated with the method outlined by Malik and Singh (1980) , while reducing sugars was determined colourmetrically according to Nelson (1944) and non-reduced sugars were calculated.
Statistical analysis
All obtained data were subjected to analysis of variance according to Steel and Torrie (1980) and means were differentiated using least significant differences test (LSD) at 5 (%) level of probability. 
Results and Discussion
Effect of chemicals on the fruit physiological stages
Vegetative growth and yield components
The data presented in Table ( 2) indicated that all the chemical treatments significantly increased spring and shoot length when compared with the control trees in both seasons. In addition, in comparison among the sprayed compounds, spraying urea and gibberellic acid gave the highest increase in shoot length without significant difference among them in both seasons. The previous results are in line with those reported by El-Shaikh et al. (1999) . They sprayed "Costata" persimmon trees with GA 4 at 20 ppm + NAA at 10 ppm and indicated that this treatment was the most effective in increasing shoot length. Also, Wally et al. (2004) reported an increase in the vegetative growth of "Anna" apple by spraying activated dry yeast and GA 4 , respectively. Dutta and Banik (2007) revealed that foliar feeding of nutrients and plant growth regulators significantly increased crop yield. The various positive effects of applying activated dry yeast might refer to its content of different nutrients, higher percentage of proteins, larger amount of vitamin B and the natural plant growth regulator such as cytokinins (Ismaeil et al., 2003) . The high increase of vegetative growth due to urea sprays might be attributed to that the nitrogenous source involves in proteins, lipids, chlorophyll molecules and nucleic acids biosynthesis thus stimulates vegetative growth. Also, GA 3 was found to increase stem length as a result of enhancing cell elongation (Goodwin and Mercer, 1983) .
With regard to the fruit physiological stage, the data in Table ( 2) revealed that in both years foliar sprays at the pea + marble stages gave a significant higher increase in spring and summer shoot length than the sprays at any of the stages alone. Similarly, El-Sabagh and Mostafa (2003) found that spraying "Anna" apple trees, 6 and 16 weeks after full bloom increased the vegetative growth.
The data in Table ( 2) indicated that, all the treatments significantly increased fruit retention before June drop and at harvest time (except potassium nitrate in the second season) as compared with the control in both seasons. In addition, foliar sprays of gibberellic acid (GA 4 ) gave the highest values of fruit retention in comparison with the other foliar treatments in both seasons. A positively high increase in persimmon fruit retention by GA 4 sprays was also recorded by Kabeel (1999) and Wally et al. (1999) . GA intensifies an organ ability to function as a nutrient sink ,it also increases the biosynthesis of IAA in plant tissues which delays the formation of the separation layer (Wasfy, 1995) , thus, enhancing fruit retention.
With regard to the effect of fruit growth stage only, the obtained data showed that foliar sprays at the pea + marble stages gave higher retention value than pea or marble stages alone in both seasons. The previous results agreed with those of Eissa et al. (2007) , who reported that spraying pear trees after fruit set and four weeks later increased fruit retention.
With regard to the sprayed compounds only, the data presented in Table ( 2) indicated that, all treatments increased fruit yield (fruit number per tree) as compared with the control in the two consecutive seasons (except Ch. Fe + Ch. Zn + boric acid in the first season). Moreover, foliar sprays of GA 4 and Amcotone recorded the highest number of fruits per tree without significant difference between them in the first season only, while GA 4 only recorded the highest value in the second season. In addition, all foliar sprays significantly increased fruit yield as Kg per tree in comparison with the control in both seasons. GA 4 gave the highest value of fruit weight per tree in both seasons. These results are in conformity with those of Blumenfeld (1986) , El-Shaikh et al. (1999) and Kabeel (1999) . They found that, spraying persimmon trees with GA 3 , NAA and promalin increased fruit yield. Similar results were obtained by Fathi et al. (1999) who sprayed "Anna" apple trees with (GA 4 + GA 7 ). Moore (1979) stated that the stimulation of both cell division and cell enlargement due to GA 4 foliar sprays is surely reflected on increasing fruit weight, consequently fruit yield. Moreover, Westwood (1978) stated that yield increment of deciduous fruit trees was attributed to the depressing of fruit drop percent caused by the application of auxins and gibberellins. Attala et al. (2000) indicated that, the various positive effects of spraying active dry yeast, as newly used bio stimulant were attributed to its content of different nutrients, higher percentage of proteins, larger amount of vitamin B and the natural plant growth hormones namely cytokinins. Also, they noticed that, spraying active dry yeast was very effective in releasing CO 2 which reflected on improving net photosynthesis. Hossain and Ryu (2009) reported that the foliar application of phosphatic fertilizer increased the vegetative growth, number of effective flowering buds of sweet persimmon over control. Sweet persimmon yield increased due to the fact of decreasing trend of fruit dropping by foliar fertilization.
With regard to the fruit growth stage alone, the data presented in Table ( 2) indicated that, foliar sprays at pea + marble stages gave the highest number and weight of fruits per tree than spraying at any of the stages alone in both seasons. 
Fruit physico-chemical characteristics
With regard to the sprayed substances only on fruit weight, the data of both seasons presented in Table ( 3) indicated that, all sprayed substances significantly increased fruit weight when compared with the control in both seasons. In additions, foliar sprays of GA 4 recorded the highest values in comparison with the other substances in both seasons. These results are in line with those of El-Shaikh et al. (1999) . They stated that spraying "Costata" persimmon trees with GA 3 and NAA significantly increased fruit weight. Also, Kabeel (1999) stated that spraying "Costata" persimmon trees with GA3 and Promalin increased fruit weight. Similarly, Ismaeil et al. (2003) stated that spraying "Thompson seedless" and "Romi Red" grape vines with GA 3 and active dry yeast increased berry and cluster weight. The increase in fruit size might be attributed to the increase in cell division and cell elongation caused by auxins and GA 3 (Cleland, 1995; Ranjan et al., 2003) . In addition, active dry yeast contains tryptophan which is a precursor of IAA, thus, encourages the production of IAA that is known to play an important role in cell division (Moore, 1979) . Furthermore, Ahmed et al. (1998) reported that ascorbic and citric acids as natural organic antioxidants compounds have an auxinic action and synergistic effect on improving fruit size in "Anna" apple trees.
With regard to the fruit growth stage, foliar sprays at pea + marble stages gave the highest fruit weight in both seasons when comparing with spraying at In accordance to sprayed substances only on fruit chemical quality, the data of both seasons presented in Table ( 3) indicated that, in general, all the sprayed compounds significantly increased TSS, total sugars, reducing sugars, carotene, and vitamin "C" contents as compared with the control. The foliar sprays of phosphoric acid recorded the highest value of TSS, total sugars, reducing sugars and carotene contents in both seasons as compared with all other treatments. Whereas, activated dry yeast gave significantly higher vitamin "C" and lower tannins contents than all other treatments. Moreover, non-reducing sugars were significantly decreased by spraying phosphoric acid, potassium nitrate, chelated calcium, Amcotone and activated dry yeast in both seasons. These results are in line with those obtained by Eliwa et al. (2003) , using potassium phosphate and potassium citrate, Attala et al. (2000) and Hassan (2002) using activated dry yeast and Alina (1998) using NAA foliar sprays. In this aspec, Hassona (1967) stated that, phosphoric acid has a major role in the biosynthesis of nucleic acid, ATP molecules, and acts as coenzyme for many enzymes. Also, he noticed that, potassium promotes starch transformation into saccharides in plant cells. Similarly, Wignarjah (1995) reported that, potassium is known to be important in activation of many enzymes of intermediary metabolism and biosynthesis. Moreover, Attala et al. (2000) indicated that activated dry yeast was very effective in releasing CO 2 that leads to improve net photosynthesis. From the previous mentioned, the beneficial influences of phosphoric acid, potassium and activated dry yeast might explain their influence in enhancing fruit quality. carotene/100 g F.W.); 2 (mg tannic acid/100 ml fruit juice); 3 (mg ascorbic acid/100 ml fruit juice); 4 (mg malic acid/100 ml fruit juice.
The decrease in tannins and acidity contents might be attributed to the increase in fruit volume previously obtained in this study by the same foliar sprays. Also, it might be attributed to the dilution effect in accordance to the increase in water uptake by spraying auxins and GA 3 as mentioned by Ranjan et al. (2003) .
In the mean time, ascorbic and citric acids were found to have an auxinic action (Ahmed et al., 1998) , which might explain their influence in decreasing total tannins content.With regard to the effect of the fruit physiological stage only, the data presented in Table ( 3) revealed that, in general, foliar sprays at pea + marble stages significantly increased fruit TSS, total sugars, reducing sugars, carotene and vitamin "C" contents and decreased fruit acidity and tannin contents when compared with spraying at the pea or marble stage alone. These results agreed with those obtained by Ahmed et al. (1998) , Eliwa et al. (2003) and El-Seginy et al. (2003) . Tables (4 and 5) showed no significant interaction effect obtained in both seasons regarding spring and summer shoot length. However, a significant high interaction effect on fruit retention before June drop and at harvest date were obtained in the second season only by spraying GA 4 at pea + marble stages. Similar results were reported by El-Sabagh and Ahmed (2004) as they sprayed "Anna" apple trees with GA 3 at petal fall stage.
As for fruit physical characters (Tables 6 and 7 ) a significant interaction effect was obtained in both seasons.
Spraying GA 4 at pea + marble stages gave the highest value of fruit weight. Similarly, El-Seginy et al. (2003) reported an increase in fruit weight by spraying "Anna" apple trees with GA 3 after fruit set (2 cm fruit diameter) and after one month of fruit set. Moreover, Goldwin (1978) indicated that spraying Coxs orange pippen apple trees twice; at petal fall and one week before June drop with a mixture of gibberellins increased fruit size. However. In addition, spraying phosphoric acid at pea, marble and pea + marble stages resulted in highest value of TSS content in comparison with all other substances in the second season only (Table 7) . Moreover, foliar sprays of phosphoric acid at pea + marble stages recorded the highest value of total sugars content in the first season only and, of reducing sugars in both seasons. These results are in line with those obtained by Eliwa et al. (2003) working on persimmon trees. In the second season spraying (Ascorbic + Citric acids) at pea + marble stages gave the highest value of non-reducing sugars. In addition, an interaction effect between sprayed chemicals and the fruit growing stage in accordance to fruit skin carotenoides content was recorded. Foliar sprays of phosphoric acid at pea + marble in both seasons and activated dry yeast at pea + marble stages in the second season recorded the highest value of carotenoides content without significant differences between them. However, no interaction effect on fruit tannins content was obtained in both seasons (Tables 6 and 7) . Moreover, spraying activated dry yeast at pea + marble stages recorded the highest value of vitamin "C" content in both seasons. Similarly, Singh et al. (1994) reported that spraying seedless" grape vines with GA 3 at berry set and two weeks later significantly increased vitamin "C" content. Moreover, foliar sprays of urea, phosphoric acid and (Ch. Fe + Ch. Zn + boric acid) at marble stage alone or pea + marble stages and foliar sprays of chelated calcium in the three spraying dates recorded the least values of fruit acidity without significant difference among them in the second season only.
These results are inconformity with those of Awad and Atawia (1995) working on pear trees, Fathi et al. (2002) working on peach and apple trees and Ahmed (2005) on peach trees.
Conclusion
It could be concluded that, spraying GA 4 , phosphoric acid and activated dry yeast at pea plus marble stages were the best and the most effective treatments in increasing fruit retention, yield and improving fruit quality and vegetative growth of the Costata persimmon trees. Aboutalebi, A. and B. Beharoznam. 2006 .
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